indicates that Cr-spinels in sands are representative samples from each island (Fig. DR1a) .
Slight difference in chemical trends was found between Cr-spinels from whole rocks and those from beach sands. This result may reflect the sampling bias of whole-rock samples (Yomejma: 10 analyses of two boninite samples; Chichijima: 27 analyses of four boninite samples; Mukoojima: 50 analyses of four tholeiite samples). Cr-spinel in beach sand comes from a large volume of nearby primary volcanic rocks (Shimizu et al., 2009) , suggesting that compositions of Cr-spinel from sands can be representative of those of the volcanic rocks of each island.
Methods
The analytical procedure for the Os and Re concentrations and Os isotopes of this study is based on Carius tube digestion (Shirey and Walker, 1998) combined with carbon tetrachloride extraction (Cohen and Waters, 1996) , and microdistillation (Roy-Barman, 1993) and column separations. The detailed chemical procedure was described by Kato et al. (2005) .
The Os and Re isotopic measurements were performed on a thermal ionization mass spectrometer (TRITON, ThermoFinnigan) at JAMSTEC (Kato et al., 2005) . Rhenium isotope ratios of the spiked samples were determined by total evaporation in thermal ionization mass spectrometry (Suzuki et al., 2004) . Fig. DR1b 1998) , and an age of 60 Ma, slightly older than boninite magmatism (e.g. Hall et al., 1995) . The r-values in AFC modeling (ratio of mass assimilated to mass fractionated) are assumed to be 0.3 for both Yomejima boninite and Mukoojima tholeiite magma modeling and 0.8 for Chichijima boninite modeling.
Shallow-level crustal assimilation model with fractional crystallization
Osmium in whole-rock boninite consists of that in Cr-spinel and that in the other component that were lost in weathering. The lost components are mainly composed of silicates and typically have higher Os isotopic compositions than the whole rock.
Estimation of slab-derived Os using simple mixing
A radiogenic Os isotopic ratio of 0.142 was obtained for primitive tholeiite magma based on Os data of Cr-spinel from Mukoojima. As we can rule out crustal assimilation during magma ascent, this elevated Os isotopic composition is likely to represent the slab-derived Os in arc magma. We estimated the fraction of the slab-derived component by a simple mixing calculation, limited by the low precision of the parameters. Calculation were made for two cases; mixing of sediment melt in the subducted slab with melt from the mantle wedge and mixing of a 1:9 mixture of sediment and oceanic crust (MORB) with mantle wedge melt.
Hypothetical mantle melt in our modeling had a In both modeling, the Os isotopic composition of the primary Mukoojima tholeiite magma is reproduced, but the Os concentration of primary magma cannot be evaluated in modeling because of lack of information on an Os content of primitive arc magma.
(1) Mixing of sediment melt with mantle melt. If we assume the mantle melt to have five times the Os content of the sediment melt (similar to the assumption of Brandon et al., 1996) , approximately 6% involvement of sediment melt can account for the radiogenic Os isotopic ratio (0.142) of the initial Mukoojima tholeiite magma ( Figure DR1c ).
(2) Mixing of a mixture of sediment and oceanic crust melt with mantle melt. We first estimated the age of the oceanic crust subducting beneath the Izu-Bonin arc during boninite generation.
Currently subducting oceanic crust formed approximately 160 Ma, based on the Ar-Ar age of MORB at ODP site 801(Pringle, 1992) and on the presence of Callovian or latest Bathonian sediment at ODP site 801C (Harland et al., 1990 Again assuming the mantle melt to have five times the Os content of the sediment melt (Brandon et al., 1996) , about 7% involvement of slab-derived melt can reproduce the Os isotopic composition of the initial Mukoojima tholeiite magma of 0.142 (Fig. DR1c) . In sum, less than 10% contribution of a slab-derived component can account for the radiogenic Os isotope ratio of the Mukoojima tholeiite magma. (Fe 3+ /(Cr+Al+Fe 3+ )×100) of Cr-spinels in beach sand (color) and Cr-spinel in rocks (black).
Ferric and ferrous iron in Cr-spinel was calculated stoichiometrically. 
